The purpose of this study was to determine if integrated electromyographic activity recorded from an unexercised muscle during contralateral exercise was dependent upon the contralateral muscle (agonist or antagonist) being exercised and upon the position of the unexercised limb. Twenty normal subjects participated in the study. Electromyographic activity was recorded, using surface electrodes, from the right rectus femoris and the right vastus lateralis muscles during four experimental conditions. Statistical analysis revealed that 1) integrated electromyographic activity recorded from the rectus femoris muscle during contralateral, isometric exercise was not significantly influenced by the position of the unexercised knee or the exercised contralateral muscle and 2) integrated electromyographic activity recorded from the vastus lateralis muscle during contralateral, isometric exercise was significantly greater when the unexercised knee was initially positioned in 10 degrees of flexion and the contralateral agonists were exercised. Integrated electromyographic activity recorded during contralateral exercise appeared to be related to the associated movements of the unexercised limb.
Patients who cannot actively exercise a limb or who have nonfunctioning innervated muscles may benefit from contralateral exercise ("cross-exercise"). 1 The benefits of contralateral exercise may include de creased muscle atrophy, maintenance of motor coor dination, and increased muscle strength of the af fected limb. A better understanding of the effects of specified cross-exercise procedures will allow a ther apist to provide improved treatment and rehabilita tion of patients with neuromuscular disease and or thopedic problems.
Researchers have used EMG to show that muscles can be activated by contralateral exercise. 2 
"
5 The com parative effects of exercising the agonistic and antag onistic muscles require further definition. In addition, the effect of limb position on the distribution of EMG activity has not been elucidated. The purpose of this study was to determine if integrated electromy ographic (IEMG) activity recorded from an unexer cised muscle during contralateral exercise is depen dent upon which contralateral muscle (agonist or antagonist) is being exercised and the position of the unexercised limb.
Researchers have observed EMG activity in an unexercised limb concomitant with exercise of a dif ferent limb. [2] [3] [4] [5] The nature and extent of the exercise needed to produce EMG activity in an unexercised contralateral limb are controversial. Gregg and asso ciates did not record any EMG activity from unex ercised triceps brachii and biceps brachii muscles during maximal isometric exercise and nonresisted isotonic exercise of the contralateral muscles that flex the elbow. 4 They did record EMG activity, however, from both unexercised muscles as resistance was ap plied during isotonic exercise of the contralateral elbow flexor muscles. Similarly, Sills and Olson re ported an increase in EMG activity recorded from an unexercised muscle during an increase in the amount of resistance applied to isotonic exercise of the con tralateral limb. 3 Conversely, Moore observed EMG activity in an unexercised muscle during isometric exercise of the contralateral limb, but did not find an increase in EMG activity recorded from an unexer cised muscle during increased resistance to the exer cised contralateral limb. 5 Two groups of authors compared the EMG activity recorded from the contralateral, unexercised agonistic and antagonistic muscle groups. These authors re ported that the amount of EMG activity recorded from the contralateral, antagonistic muscles was greater than the amount of EMG activity recorded from the contralateral, agonistic muscles during re sisted isotonic exercise.
2, 4 Panin and associates sug gested that EMG activity increased in those muscles used to stabilize the body while exercise was being performed. 2 The muscles used to stabilize the body may depend upon the position of the unexercised limb. Gregg and associates indicated that, for the upper limb, the position of the unexercised limb did not influence the amount of EMG activity recorded from an unexer cised muscle. 4 These results, however, may not hold true for the lower limb.
Postural movements of an unexercised limb from the initially set position during contralateral exercise may affect the EMG activity recorded from the unex ercised muscles. 2 Two groups of researchers indicated that postural adjustments were associated with heavy resistive exercise and proposed that cross-exercise was dependent upon these postural adjustments.
6, 7 Hellebrandt and Waterland reported that the type of associated movements concomitant with heavy resis tive exercise was consistent for each subject but varied among subjects. 7 One author proposed that these associated movements increased or maintained the stability of the body. 8 We proposed two hypotheses based on the preced ing review of literature. First, the IEMG activity recorded from the rectus femoris and vastus lateralis muscles during maximal, isometric exercise of the contralateral hamstring muscles is significantly greater than the IEMG activity recorded during max imal, isometric exercise of the contralateral quadri ceps femoris muscles. Second, the IEMG activity recorded from the rectus femoris and vastus lateralis muscles during maximal, isometric exercise of the contralateral quadriceps femoris and hamstring mus cle groups is not significantly influenced by the po sition of the unexercised limb.
METHOD
Our subjects were 20 normal volunteers, 6 men and 14 women, between 21 and 32 years old. Each subject was right-handed; had normal, healthy knee joints and surrounding musculature; and had no complaint of pain in the low back or lower limbs. Subjects participated in the study on two consecu tive days. The purpose of the first session was to obtain maximal, isometric torque values for the left knee flexor muscles and the left and right knee exten sor muscles, using a Cybex II ® dynamometer.* Each subject was seated and provided with a backrest to maintain the hip angle at 70 degrees of flexion.
9, 10 A thigh strap was positioned over the anterior thigh proximal to the patella to stabilize the exercising leg. Subjects were instructed to grasp the seat parallel to the hip joints to help stabilize the trunk (Fig. I) .
11, 12
Maximal isometric torque values were determined for left and right knee extension with the knee flexed to 60 degrees and left knee flexion with the knee flexed to 50 degrees. 13 Subjects were instructed by a taperecorded voice to perform a maximal isometric con traction and to sustain this contraction for five sec onds. An interval of two and one-half minutes was allowed between contractions.
14 Before the next iso metric contraction, the level of torque produced dur ing the previous contraction was displayed on an oscilloscope. Each subject was instructed to obtain a torque level above the level displayed with the next contraction. Subjects performed isometric contrac tions until an increase in torque output could no longer be produced. The highest level of torque out put sustained for five seconds was labeled as the maximal isometric torque.
On the second day of the study (24 ± 1 hours after the first day), IEMG activity was recorded from the right rectus femoris and vastus lateralis muscles using Beckman † biopotential 16-mm silver-silver chloride surface electrodes. 15 Skin resistance was reduced to below 20 kΩ by abrading the skin, using the skindrilling technique described by Shackel. 16 Electrodes were positioned parallel to the muscle fibers on the right rectus femoris muscle, one-half the distance between the anterior superior iliac spine and the superior pole of the patella and on the right vastus lateralis muscle, one-half the distance between the greater trochanter and the lateral superior pole of the patella. The distance between the centers of the elec trodes was 2 cm. Total integration of the raw EMG signal was processed at half-second intervals by EMG equipment with a frequency response of between 10 Hz and 10,000 Hz. Both the raw and the IEMG signals were channeled through a Honeywell Visicorder ‡ and recorded on ultraviolet light-sensitive paper.
Integrated EMG activity was recorded during four exercise conditions. The level of maximal torque out put recorded the preceding day was displayed on an oscilloscope directly in front of the seated subject. Each subject was instructed by a tape-recorded voice to match this displayed level of torque with each contraction. Subjects were assigned to one of three groups in which the sequence of the following exercise conditions was varied: For each subject, the IEMG activity that was re corded from the right rectus femoris and the right vastus lateralis muscles during the last three seconds of each five-second isometric contraction was aver aged for each condition. This three-second time in terval was selected for analysis to allow subjects to obtain maximal torque. The mean IEMG activity for each condition was then computed as a percentage of the mean IEMG activity recorded from the same muscles during a five-second maximal isometric con traction of the right knee extensor muscles with the knee flexed to 60 degrees. A two-times-two factorial analysis of variance was performed on each group of percentages, and significance was determined at the .01 level. If an F value was found to be significant, a Duncan's new multiple-range test was used to com pare the means.
Movements of the right lower extremity, trunk, and head concomitant with maximal isometric contrac tions of the left knee flexor and extensor muscles were recorded on a Video Instant Playback System,** using split-screen taping. One camera was focused on the right lower extremity and the second camera was focused on the trunk and head. The type of associated movements of the right hip and knee, trunk, and head were determined by one investigator, who viewed the videotape after the experiment was completed. Moore stated that the 10-to 20-percent EMG values could have some exercise effect "for maintain ing a degree of muscle tone and tissue turgor in a limb that is temporarily immobilized." 5 Panin and associates, however, considered the EMG values of 20 percent and below of insufficient magnitude to constitute an exercise effect. 2 The exercise effect for three of the four exercise conditions for the vastus lateralis muscle may be questionable, but the 60-percent value recorded during exercise condition two is well above the percentage level Panin and associates considered necessary for an exercise effect.
RESULTS

The amount of IEMG activity recorded from the rectus femoris muscle (Tab. 2) was not influenced by the contralateral muscle group being exercised (F =
Two research teams reported that EMG activity recorded from the contralateral antagonists was greater than the EMG activity recorded from the contralateral agonist.
2, 4 Conversely, our study indi cated that the contralateral agonist and not the con- tralateral antagonist produced the greater IEMG ac tivity. The differences in our results may be related to 1) the use of the upper limb in one study 4 and 2) the testing position of the unexercised lower limb in the other study. 2 Gregg and associates studied EMG ac tivity recorded from muscles in the upper limb. 4 Our results were obtained from muscles in the lower limb. Muscles of the upper limb may respond differently to contralateral exercise than do muscles of the lower limb. Subjects in the study reported by Panin and associates were positioned supine with the unexer cised knee in full extension. 2 In contrast, subjects in our study were positioned sitting with the unexercised knee either in 10 degrees or 90 degrees of flexion.
Gregg and associates stated that the position of the unexercised limb did not influence the appearance of EMG activity. 4 In our study, however, the position of the unexercised limb did influence the amount of IEMG activity recorded from the vastus lateralis muscle. This difference in results may be related to the movements of the unexercised limb during con tralateral exercise that were observed in our study and were not reported by Gregg and associates.
The IEMG activity recorded from both the rectus femoris and vastus lateralis muscles appeared to be related to the associated movements of the right hip and knee. Integrated EMG activity recorded from the rectus femoris muscle was not significantly different among the four exercise conditions, probably because this muscle helped to produce flexion of the hip and extension of the knee. Different combinations of as sociated flexion of the hip and extension of the knee occurred during all four exercise conditions. Con versely, IEMG activity recorded from the vastus la teralis muscle during contralateral exercise was sig nificantly different for exercise condition two (LKERKE), which was the only exercise condition in which associated knee extension primarily occurred. The most prevalent associated movement of the right knee during the other three exercise conditions was flexion.
During the two exercise conditions in which the right knee was initially positioned in flexion, associ ated knee flexion was probably used to increase the stability of the subject by providing an additional force between the calf of the subject and the seat. Increased stability was apparently needed with a contraction of both the contralateral agonists and antagonists.
An explanation of the results of the conditions in which the right knee was initially positioned in 10 degrees of flexion is less clear. The motion of the right unexercised knee paralleled the attempted mo tion of the left exercised knee. This associated motion may also be related to stabilization of the body. Maximal isometric contractions of the left knee flexor and extensor muscles appeared to produce a rota-tional force in the direction of the muscle contraction. A counterrotational force produced by the same knee motion on the contralateral side would help stabilize the body.
The lack of consistent associated movements of the trunk and head among subjects supports the obser vations made by Hellebrandt and Waterland. 7 A lesser variety of associated trunk movements appears to be related to the stabilization of the trunk by the upper limb position.
Physical therapists interested in producing the greatest EMG activity in an unexercised muscle dur ing contralateral resistive exercise must determine the position in which the unexercised limb will be used to help stabilize the body. The results of this study indicate that specific exercise conditions provide dif ferent amounts of IEMG in the unexercised muscles. Our results also indicate the possibility of producing a large enough amount of IEMG activity in an unex ercised muscle to constitute an exercise effect. More studies are needed 1) to help the physical therapist determine the most effective exercise program that will produce EMG activity in an unexercised muscle, 2) to determine the relationship between associated movements of an unexercised limb and stabilization of the body during maximal isometric exercise of the contralateral limb, and 3) to determine the relation ship between the amount of EMG activity in an unexercised muscle and the maintenance of muscle strength and motor coordination.
CONCLUSIONS
Four conclusions can be drawn from our results. First, in the lower limb, IEMG activity is produced in unexercised muscles during maximal isometric ex ercise of the contralateral limb. Second, the IEMG activity recorded from the rectus femoris muscle dur ing maximal isometric exercise of the contralateral agonists and antagonists is not influenced by the position of either the unexercised knee or the exer cised contralateral muscle. Third, an exercise effect can be produced in the vastus lateralis muscle during maximal, isometric exercise of the contralateral ago nists when the unexercised knee is initially flexed 10 degrees. Fourth, the IEMG activity recorded from an unexercised muscle during contralateral exercise ap pears to be related to the associated movements of the unexercised limb.
